Hypoxia-induced protein binding to O2-responsive sequences on the tyrosine hydroxylase gene.
We reported recently that the gene that encodes tyrosine hydroxylase (TH), the rate-limiting enzyme in the biosynthesis of catecholamines, is regulated by hypoxia in the dopaminergic cells of the mammalian carotid body (Czyzyk-Krzeska, M. F., Bayliss, D. A., Lawson, E. E. & Millhorn, D. E. (1992) J. Neurochem. 58, 1538-1546) and in pheochromocytoma (PC12) cells (Czyzyk-Krzeska, M. F., Furnari, B. A., Lawson, E. E. & Millhorn, D. E. (1994) J. Biol. Chem. 269, 760-764). Regulation of this gene during low O2 conditions occurs at both the level of transcription and RNA stability. Increased transcription during hypoxia is regulated by a region of the proximal promoter that extends from -284 to + 27 bases, relative to transcription start site. The present study was undertaken to further characterize the sequences that confer O2 responsiveness of the TH gene and to identify hypoxia-induced protein interactions with these sequences. Results from chloramphenicol acetyltransferase assays identified a region between bases -284 and -150 that contains the essential sequences for O2 regulation. This region contains a number of regulatory elements including AP1, AP2, and HIF-1. Gel shift assays revealed enhanced protein interactions at the AP1 and HIF-1 elements of the native gene. Further investigations using supershift and shift-Western analysis showed that c-Fos and JunB bind to the AP1 element during hypoxia and that these protein levels are stimulated by hypoxia. Mutation of the AP1 sequence prevented stimulation of transcription of the TH-chloramphenicol acetyltransferase reporter gene by hypoxia.